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Abstract. The importance of microRNAs (miRNAs) in 
cancer development has been widely recognized in recent 
decades. In the present study, the function and mechanism 
of miRNA-363-3p (miR-363-3p), formerly characterized as a 
tumor suppressor, in the hepatocarcinogenesis of liver cancer 
cells was investigated. Reverse transcription-quantitative 
polymerase chain reaction (RT-qPCR) was applied to detect 
the expression of miR-363-3p in liver cancer tissues. Cell 
proliferation, survival and migration capacities were deter-
mined by MTT, colony formation and wound-healing assays, 
respectively. The targeting of high mobility group AT-hook 2 
(HMGA2) mRNA by miR‑363‑3p was confirmed by bioinfor-
matics analysis, and RT-qPCR, luciferase reporter and western 
blot assays. The correlation between the expression levels of 
HMGA2 and miR-363-3p was analyzed. The RT-qPCR results 
revealed that the levels of miR-363-3p were downregulated in 
liver cancer tissues. Cellular assays validated that miR-363-3p 
exerted tumor suppressing functions, including the inhibi-
tion of cell proliferation, survival and migration abilities in 
two liver cancer cell lines. Bioinformatics prediction and 
subsequent experiments demonstrated that HMGA2 was a 
direct target of miR-363-3p. Restoration of the expression of 
HMGA2 in miR-363-3p mimic-transfected cells reversed the 
tumor suppressing effects caused by miR-363-3p. Finally, there 
was a significant negative correlation between the expression 
levels of HMGA2 and miR-363-3p in liver cancer tissues. 
miR‑363‑3p was identified as an important tumor suppressor 

in liver cancer via targeting HMGA2, which may have poten-
tial benefits in liver cancer therapy.

Introduction

Liver cancer is one of the most common types of human 
cancer and the third most frequent cause of cancer-associated 
mortality worldwide (1). Currently, the primary method for 
treating liver cancer is surgical resection. Although important 
progress has been made in liver cancer treatment via surgery, 
chemotherapy and biological agents, a cure is not achieved 
in the majority of patients, particularly for those with metas-
tasis (2). Liver cancer is associated with a poor prognosis 
due to the high frequency of intrahepatic and extrahepatic 
metastasis (3). Hepatocarcinogenesis is a multi-step process 
beginning with specific genetic alterations, which ultimately 
cause the malignant transformation of hepatocytes (4). 
However, the mechanisms underlying hepatocarcinogenesis 
remain to be fully elucidated. Addressing the pathological 
mechanisms underlying the development and progression of 
liver cancer is of critical importance for developing effective 
therapeutic agents to treat this disease.

MicroRNAs (miRNAs) are defined as a class of small 
(~20 nucleotides in length), endogenous, non-coding RNAs. 
They have been investigated substantially in the last two 
decades and are known to exert crucial regulatory roles by 
targeting mRNAs for cleavage or translational repression (5). 
Emerging evidence has revealed that miRNAs are involved 
in almost all cellular processes and human diseases, particu-
larly in cancer (6-11). miRNAs can be characterized as either 
oncogenes or tumor suppressors, and the same miRNA can 
have opposing functions in different types of cancer (12-14). 
Among these, miRNA-363-3p (miR-363-3p) functions as a 
tumor suppressor in various types of cancer, including liver 
cancer (15-17). For example, miR-363-3p inhibits tumor 
growth, epithelial-to-mesenchymal transition and metastasis 
in lung and colorectal cancer (18,19). One study demon-
strated that miR-363-3p was downregulated in liver cancer, 
and suppressed cell proliferation, migration and invasion by 
targeting specificity protein 1 (SP1) (17). However, bioinfor-
matics analyses suggest that one miRNA can simultaneously 
target several protein-coding mRNAs (5). Identifying more 
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targets for miR-363-3p increases the understanding of the role 
of miR-363-3p in liver cancer.

The present study focused on the functions of miR-363-3p 
in liver cancer. The expression, functions and mechanisms of 
miR-363-3p in liver cancer were characterized. The results 
revealed that miR-363-3p can reduce the proliferation, survival 
and migration of liver cancer cells by regulating the expres-
sion of high mobility group AT-hook 2 (HMGA2). Therefore, 
miR-363-3p acts as a tumor suppressor in liver cancer by 
targeting HMGA2. The findings provide valuable insight into 
the molecular mechanisms of hepatocarcinogenesis, and high-
light the potential of targeting the miR-363-3p/HMGA2 axis 
in liver cancer therapy in the future.

Materials and methods

Tissues and patients. Tissue samples were obtained between 
January 2016 and December 2017 at Tianjin Medical 
University General Hospital Airport Site (Tianjin, China). A 
summary of patients and the relevant clinical characteristic is 
in Table I. Informed consent was obtained from all 50 patients 
in advance. The tissues samples were obtained during surgery 
and immediately frozen in liquid nitrogen and stored at ‑80˚C 
prior to use.

Cell culture. Human liver cancer cell lines (HepG2 and 
Huh-7) were provided by the Cell Bank of Chinese Academy 
of Sciences (Shanghai, China). All cells were cultured in 
Dulbecco's modified Eagle's medium (DMEM; Gibco) with 
10% fetal bovine serum (FBS; both Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) at 37˚C in a humidified atmosphere 
with 5% CO2.

miRNA mimics, small interfering RNAs (siRNAs) and 
transfection. The miR-363-3p mimics and control mimics 
were purchased from Shanghai GenePharma Co., Ltd. 
(Shanghai, China), and transfected into Huh-7 or HepG2 
cells using Lipofectamine® 2000 (Thermo Fisher Scientific, 
Inc.) according to the manufacturer's protocol. The HMGA2 
siRNAs and negative control siRNA were also designed 
and purchased from Shanghai GenePharma Co., Ltd. The 
sequences were: Negative control siRNA: 5'-UUC UCC 
GAA CGU GUC ACG UTT-3'; HMGA2 siRNA 1#: 5'-GGC 
AUU CAU AUA GGA AGA ACG TT-3'; HMGA2 siRNA 2#: 
5'-GCUGCUAUACACAAGCAAUGCTT-3'. These were used 
to transfect Huh-7 or HepG2 cells using Lipofectamine® 2000 
according to the manufacturer's protocol.

Reverse transcription‑quantitative‑polymerase chain reac‑
tion (RT‑qPCR) analysis. Total RNA from the liver cancer 
tissues, and cells with or without the indicated treatments was 
extracted using TRIzol reagent (Thermo Fisher Scientific, 
Inc.) according to the manufacturer's protocol. RT-qPCR using 
the SYBR-Green Realtime PCR Master mix (Toyobo Life 
Science, Osaka, Japan) was performed to quantify the levels 
of miR-363-3p in the liver cancer tissues and cells transfected 
with miRNA mimics, under the following conditions: 95˚C for 
30 sec, followed by 40 cycles at 95˚C for 15 sec, and 60˚C for 
30 sec, and 72˚C for 30 sec. For qPCR system, 2 µl diluted RT 
products were combined with 10 µl of 2X mix, 1 µl forward 

and reverse primers (10 µM) and 6 µl ddH2O in a final volume 
of 20 µl following the manufacturer's protocols. U6 was used 
as the internal control. RT-qPCR analysis was also performed 
to quantify the levels of HMGA2 in the liver cancer tissues, 
cells transfected with miRNA mimics or HMGA2 siRNAs 
alone, and cells co-transfected with miRNA mimics plus 
HMGA2 plasmid. β-actin was used as the internal control. The 
fold changes of miRNA and mRNA levels were calculated 
using the 2-ΔΔCq method (20). The primers for qPCR were as 
follows: miR-363-3p forward (F), 5'-CGG CGA ATT GCA CGG 
TAT CCA-3'; U6 forward (F), 5'-CGC AAG GAT GAC ACG 
CAA ATT CG-3'; miR-363-3p/U6 reverse (R), 5'-CAG TGC 
AGG GTC CGA GGT-3'; HMGA2 F, 5'-AAA GCA GAA GCC 
ACT GGA GAA A-3'; HMGA2 R, 5'-TTC CTC CTG AGC AGG 
CTT CTT-3'; β-actin F, 5'-GAT CAT TGC TCC TCC TGA GC-3'; 
β-actin R, 5'-ACT CCT GCT TGC TGA TCC AC-3'.

Colony formation assay. The Huh-7 or HepG2 cells transfected 
with miRNA mimics were resuspended in DMEM with 
10% FBS, seeded in 6-well plates (5x103 cells per well) 
and incubated for 7 days. The colonies were fixed with 
4% formaldehyde solution and stained with 0.25% crystal violet 
in PBS for 30 min. Images of the colonies were captured using 
a digital camera (Canon PowerShot A2000 IS, Canon, Inc., 
Tokyo, Japan). The experiments were repeated in triplicate.

MTT assay. The Huh-7 or HepG2 cells transfected with 
miRNA mimics or siRNAs alone, or co-transfected with 
miRNA mimic and HMGA2 plasmid were seeded into 96-well 
plates at a density of 2.5x103 cells per well (six replicates). Cell 
viability was assessed using an MTT assay (Sigma-Aldrich; 
Merck KGaA, Darmstadt, Germany). Following incubation for 
1, 2, 3 and 4 days, 10 µl MTT (0.5 mg/ml) was added into 
each well for an additional 3 h. Subsequently, 250 µl dimethyl 
sulfoxide was added into each well and the absorbance at 
490 nm was measured using a microplate reader (Molecular 
Devices, LLC, Sunnyvale, CA, USA).

Wound‑healing assay. For the wound-healing experiments, 
the Huh-7 or HepG2 cells transfected with miRNA mimics 
or siRNAs alone, or co-transfected with miRNA mimic 
plus HMGA2 plasmid were seeded into 6-well plates and 
cultured to confluency. Following transfection, the cells were 
serum-starved and scraped using a P200 tip (0 h). Images were 
captured using an inverted optical microscope 48 h later.

Dual luciferase reporter assay. The Huh-7 or HepG2 cells 
were seeded in 24-well plates and co-transfected with 
luciferase reporters plus miRNA mimics. The transfection 
efficiency was normalized using a Renilla luciferase reporter 
(pRL-CMV; Promega Corporation, Madison, WI, USA). The 
reporter activity was measured using a Luciferase Assay 
Detection kit (Promega Corporation) according to the manu-
facturer's protocol.

Western blot analysis. Protein samples from the Huh-7 
or HepG2 cells transfected with miRNA mimics were 
extracted using radioimmunoprecipitation assay reagent 
supplemented with protease inhibitors (both Beyotime 
Institute of Biotechnology, Haimen, China). The protein 
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was quantified by using BCA Protein Assay kit (Beyotime 
Institute of Biotechnology). Denatured protein (40 µg) 
was separated on 8% SDS-PAGE gels and transferred onto 
nitrocellulose membranes (EMD Millipore, Billerica, MA, 
USA). The membranes were blocked with a buffer containing 
5% skimmed milk in PBS with 0.05% Tween-20 for 1 h at 
room temperature. The nitrocellulose membranes were 
incubated with primary antibody (anti-HMGA2, 1:1,000, 
7777; and anti-β-actin, 1:6,000, 4970; both Cell Signaling 
Technology, Inc., Danvers, MA, USA) overnight at 4˚C. Then 
the membranes were incubated with peroxidase-conjugated 
secondary antibodies (1:3,000; A0208; Beyotime Institute 
of Biotechnology). Subsequently, the membranes were incu-
bated with an enhanced chemiluminescence detection system 
(EMD Millipore).

Target Prediction. Targets of miR-363-3p were searched on 
TargetScan Release 3.1 (http://www.targetscan.org/mamm_31/) 

and the results suggested that HMGA2 was a potential target 
of miR‑363‑3p. To further confirm that HMGA2 is directly 
targeted by miR-363-3p, more information about the 3'UTR of 
HMGA2 mRNAs was obtained on TargetScan.

Statistical analysis. Statistical analysis was performed using 
GraphPad Prism v6.0 (GraphPad Software, Inc., La Jolla, 
CA, USA). Student's two-tailed t-test was used to evaluate the 
significance of the differences between two groups. The corre-
lation between the expression of miR-363-3p and HMGA2 
in tissues was calculated by Spearman's rank correlation 
analysis. Data are presented as the mean ± standard deviation 
from three independent experiments. P<0.05 was considered 
to indicate a statistically significant difference.

Results

miR‑363‑3p is downregulated in liver cancer and is associated 
with tumor grade. The RT-qPCR analysis demonstrated 
that miR-363-3p was downregulated in the 50 liver cancer 
samples compared with the paired adjacent non-cancerous 
liver tissue samples (Fig. 1A). Specifically, downregulation 
of miR‑363‑3p (≤2‑fold change) was observed in 50% (25/50) 
of all the examined liver cancer samples (Fig. 1B). The 
expression of miR-363-3p in liver cancer tissues was also 
analyzed with samples grouped by different tumor grades. 
Lower levels of miR-363-3p were expressed in tumors with 
higher grades (Fig. 1C), indicating the potential use of 
miR-363-3p in liver cancer diagnosis. These results suggest a 
vital tumor-suppressing role for miR-363-3p in liver cancer.

miR‑363‑3p inhibits hepatocarcinogenesis in Huh‑7 and 
HepG2 cells. Prompted by the expression results, the role 
of miR-363-3p in the cell proliferation and survival of liver 
cancer was subsequently investigated. miR-363-3p mimics 
were transfected into cells and RT-qPCR analysis was 
performed (Fig. 2A). The MTT assay demonstrated that 
miR-363-3p effectively inhibited cell proliferation, and the 
colony formation assay validated that miR-363-3p signifi-
cantly impaired clonogenic survival in the two liver cancer 
cell lines (Fig. 2B and C). In the wound-healing experiments, 
miR-363-3p exerted potent anti-migration effects on the liver 
cancer cells (Fig. 2D). Collectively, these results validated that 
the tumor-suppressing effect of miR-363-3p in liver cancer 
was mediated by inhibition of the proliferation, survival and 
migration of liver cancer cells in vitro.

HMGA2 is a direct target of miR‑363‑3p in liver cancer. 
Bioinformatics prediction revealed that the 3'untranslated 
region (3'UTR) of the HMGA2 gene contained a putative 
miR-363-3p target sequence (Fig. 3A). Dual luciferase reporter 
assays further confirmed this prediction and demonstrated 
that HMGA2 was a direct target of miR-363-3p, as reporters 
with deletions in the miR-363-3p target bases of the 3'-UTR 
eliminated the silencing of HMGA2 mRNA transcripts 
(Fig. 3A and B). Additionally, RT-qPCR and western blot 
analysis verified that miR-363-3p effectively reduced the 
mRNA and protein levels of HMGA2 compared with those 
in the control group (Fig. 3C and D). Therefore, the findings 
demonstrated that miR-363-3p directly targeted the HMGA2 

Figure 1. Levels of miR-363-3p are downregulated in liver cancer tissues. 
(A) Expression of miR-363-3p was assessed by RT-qPCR in 50 paired liver 
cancer (Tumor) and adjacent non-cancerous tissues (Normal). (B) RT-qPCR 
analysis of the expression of miR-363-3p in 50 paired liver cancer tissues 
normalized to that in matched non-cancerous tissues. (C) miR-363-3p was 
decreased in liver cancer tissues with a higher tumor grade (Grade III+IV, 
vs. Grade I+II). *P<0.05; ***P<0.001. miR, microRNA; RT-qPCR, reverse 
transcription-quantitative polymerase chain reaction.
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3'-UTR and induced its mRNA degradation in liver cancer 
cells.

miR‑363‑3p inhibits cell proliferation and migration 
by targeting HMGA2. HMGA2 is known to promote 
proliferation and metastasis in liver cancer and other types of 
cancer (21,22). To better understand the association between 
HMGA2 and the tumor-suppressing role of miR-363-3p 
in liver cancer cells, miR-363-3p mimics and the HMGA2 
plasmid were co-transfected into Huh-7 cells (Fig. 4A). The 
MTT assay revealed that liver cancer cell proliferation was 
suppressed in the miR-363-3p-overexpressing cells, whereas 
the ectopic expression of HMGA2 abrogated this inhibitory 
effect (Fig. 4B). The same effect was observed in the cell 

migration assay; that is, the overexpression of HMGA2 
reversed the anti-migration effects caused by miR-363-3p 
mimics (Fig. 4C). Additionally, the transient knockdown of 
endogenous HMGA2 (si-HMGA2-1 or si-HMGA2-2; Fig. 5A) 
simulated the suppressive effect of miR-363-3p mimics on 
the cell proliferation and migration of liver cancer cells 
(Fig. 5B and C). Therefore, the findings demonstrated that 
HMGA2 is a functional target of miR-363-3p in liver cancer 
cells, and the overexpression of HMGA effectively enhances 
cell proliferation and migration.

Upregulated HMGA2 is correlated with downregulated 
miR‑363‑3p in patients with liver cancer. The correlation 
between expression levels of HMGA2 and miR-363-3p in liver 

Figure 2. miR-363-3p inhibits hepatocarcinogenesis in liver cancer cells. (A) miR-363-3p mimics or miR-Con were transfected into Huh-7 and HepG2 cells. 
After 48 h, cells were harvested for reverse transcription-quantitative polymerase chain reaction analysis. (B) Colony formation assay in the miR-363-3p- and 
miR-Con-transfected Huh-7 and HepG2 cells. (C) MTT assay in the miR-363-3p- and miR-Con-transfected Huh-7 and HepG2 cells. (D) Wound-healing 
assay in miR‑363‑3p‑ and miR‑Con‑transfected Huh‑7 and HepG2 cells. Magnification, x40. *P<0.05; **P<0.01; ***P<0.001. miR, microRNA; miR-Con, 
control mimics. 



MOLECULAR MEDICINE REPORTS  19:  935-942,  2019 939

cancer tissues was analyzed. The RT-qPCR results revealed that 
the mRNA levels of HMGA2 were higher in liver cancer than in 

paired non-cancerous tissues (Fig. 6A), and continued to rise with 
increasing tumor grade (Fig. 6B). Furthermore, the expression 

Figure 4. miR-363-3p inhibits liver cancer cell proliferation and migration by targeting HMGA2. (A) miR-Con or miR-363-3p mimics, with or without the 
HMGA2-overexpressing plasmid were co-transfected into Huh-7 cells. After 48 h, cells were harvested for reverse transcription-quantitative polymerase 
chain reaction analysis. (B) MTT assay of Huh‑7 cells transfected as above. (C) Wound‑healing assay of Huh‑7 cells transfected as above. Magnification, x40. 
*P<0.05; **P<0.01; ***P<0.001. miR, microRNA; HMGA2, high mobility group AT‑hook 2; miR‑Con, control mimics; NS, not significant.

Figure 3. HMGA2 is a direct target of miR-363-3p in liver cancer. (A) Putative miR-363-3p binding sites in the HMGA2 3'-UTR. WT binding sequences are 
highlighted in green. MT binding sequences are highlighted in red. (B) Firefly luciferase activity normalized to Renilla luciferase activity in Huh-7 and HepG2 
cells co-transfected with luciferase reporters of WT or MT 3'-UTR of HMGA2 plus miR-363-3p mimics or miR-Con. (C) Expression levels of HMGA2 were 
detected by reverse transcription-quantitative polymerase chain reaction analysis following transfection with miR-363-3p mimics or miR-Con in Huh-7 and 
HepG2 cells. (D) Expression levels of HMGA2 were detected by western blotting following transfection with miR-363-3p mimics or miR-Con in Huh-7 and 
HepG2 cells. **P<0.01; ***P<0.001. miR, microRNA; HMGA2, high mobility group AT-hook 2; 3'-UTR, 3'-untranslated region; WT, wild-type; MT, mutant; 
miR‑Con, control mimics; NS, not significant.
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of HMGA2 in liver cancer tissues was negatively correlated 
with the expression of miR-363-3p (Fig. 6C). Therefore, there 

was a significant negative correlation between the expression of 
HMGA2 and miR-363-3p in liver cancer tissues.

Figure 6. HMGA2 is negatively correlated with miR-363-3p in liver cancer tissues. (A) Reverse transcription-quantitative polymerase chain reaction analysis 
of the expression of HMGA2 in 50 paired liver cancer tissues normalized to that in matched non-cancerous tissues. (B) HMGA2 was increased in liver cancer 
tissues with higher tumor grade (Grade III+IV, vs. Grade I+II). (C) Linear correlation between the expression of miR-363-3p and HMGA2 in paired liver cancer 
tissues (n=50). Statistical analysis was performed using Pearson's correlation analysis. ***P<0.001. HMGA2, high mobility group AT-hook 2; miR, microRNA.

Figure 5. Knockdown of endogenous HMGA2 suppresses cell proliferation and migration in liver cancer cells. (A) HMGA2 siRNAs (siHMGA2-1, siHMGA2-2) 
or negative control siRNA were transfected into Huh-7 cells. After 48 h, cells were harvested for reverse transcription-quantitative polymerase chain reac-
tion analysis. (B) MTT assay of Huh-7 cells transfected as above. (C) Wound-healing assay of Huh-7 cells transfected as above. **P<0.01; ***P<0.001. miR, 
microRNA; HMGA2, high mobility group AT‑hook 2; siRNA, small interfering RNA; NS, not significant.
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Discussion

In the present study, miR-363-3p was revealed to be 
downregulated in liver cancer tissues. As miR-363-3p is 
decreased in other types of cancer, including lung and 
colorectal cancer (18,19), this finding of its downregulation in 
liver cancer reinforces the evidence for its important potential 
tumor suppressor role. It has been previously reported that 
miR-363-3p was decreased in liver cancer and suppressed 
cell proliferation, migration and invasion by targeting 
SP1 (17). However, the identification of HMGA2 as another 
target for miR-363-3p in the present study increases current 
understanding of the role of miR-363-3p in liver cancer. 
miR-363-3p was demonstrated to have tumor suppressor 
activity via the direct targeting of HMGA2, resulting in 
inhibition of cell proliferation, survival and migration in two 
liver cancer cell lines, which suggests a novel mechanism of 
hepatocarcinogenesis.

Regarding the transcriptional control of miR-363-3p in 
liver cancer, Han et al (21) reported that c-Myc represses 
the transcription of miR-363-3p by binding to the conserved 
region of the miR-363-3p promoter. As c-Myc is pathologically 
activated in liver cancer, the downregulation of miR-363-3p 
may be largely due to the transcriptional repression caused by 
c-Myc.

Bioinformatics prediction and in vitro experiments demon-
strated that HMGA2 is a direct target of miR-363-3p. HMGA2 
is known to promote cancer cell proliferation and metastasis 
in liver cancer and other cancer types (22,23). HMGA proteins 
function as architectural factors required for chromosome 
structure and are essential components of the enhanceosome. 
The literature indicates that the overexpression of HMGA 
in tumors is associated with a highly malignant phenotype, 
resulting in poor patient prognosis (24). The findings of the 
present study confirmed the overexpression of HMGA2 in liver 
cancer, which was increased in parallel with the increasing 
tumor grade. A significant negative correlation between the 
expression levels of HMGA2 and miR-363-3p in liver cancer 
tissues was also established, which provided important insight 
into the association between HMGA2 and miR-363-3p.

Functionally, restoring HMGA2 in miR-363-3p-overex-
pressing cells significantly reversed the tumor‑suppressing 
effects caused by miR-363-3p mimics. Notably, although the 
overexpression of HMGA2 was marked in the co-transfec-
tion group (miR-363-3p + HMGA2), growth and migration 
were not elevated in this group compared with the control 
group. This may be explained by the functions of other 
miR-363-3p target genes; miR-363-3p also targets SP1 in 
liver cancer cells (17). However, the results of the present 
study adequately demonstrated that HMGA2 is an important 
target of miR-363-3p in liver cancer cells. Additionally, the 
knockdown of endogenous HMGA2 simulated the suppres-
sive roles of miR-363-3p on the proliferation and migration 
of liver cancer cells. These findings were in accordance with 
the conclusion from a previous study that HMGA2 is a poten-
tial oncogene and tumor biomarker in human cancer (24); 
however, the detailed mechanisms remain to be fully eluci-
dated. Structurally, HMGA2 protein contains DNA-binding 
domains and may act as a transcriptional regulatory factor. 
High-throughput sequencing methods, including RNA-Seq 

and chromatin immunoprecipitation-Seq, may provide more 
information on the downstream gene regulation networks 
that HMGA2 is involved in.

In conclusion, the findings of the present study revealed 
that miR-363-3p inhibited liver cancer cell proliferation, 
survival and migration by directly targeting HMGA2. 
Abnormal decreases in miR-363-3p and increases of its 
target, HMGA2, are important factors that may be involved 
in hepatocarcinogenesis and liver cancer progression. This 
novel miR-363-3p/HMGA2 axis provides insight into the 
mechanisms of liver cancer onset and may facilitate drug 
development against liver cancer. Additionally, miR-363-3p 
and HMGA2 may be effective biomarkers used for liver cancer 
grading and prognosis prediction.
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